Background: Network analysis is increasingly applied to psychiatric populations to understand relationships among symptoms.
| INTRODUCTION
Classic nosography in psychiatry postulates the existence of self-standing diseases, underlying clinical symptoms, which in turn are conceptualized as manifestations of the mental condition itself (APA, 2000 (APA, , 2013 . However, a growing body of literature in the last years has brought the spotlight on alternative models of conceiving psychological and behavioural symptoms in psychiatry (Maj, 2005) ; symptoms appear to progressively acquire autonomous ontological dignity as opposed to "mere" phenomenological expression of existing mental disorders Fried et al., 2017) . Such models are defined as "psychological networks" (Epskamp, Borsboom, & Fried, 2017) . Briefly, symptoms or other clinical variables are represented as "nodes," connected by "edges," which in turn represent correlation measures among nodes (Costantini et al., 2014; Epskamp et al., 2017) . Such nodes are reciprocally connected creating a network of interacting self-reinforcing pools of symptoms or clinical variables, as opposed to single manifestations of a latent underlying entity, namely, the mental disorder (Costantini et al., 2014; Epskamp et al., 2017) . The importance of each node is quantified by "centrality indices" (node strength, closeness, and betweenness, among others; Costantini et al., 2014; Epskamp et al., 2017; Opsahl, Agneessens, & Skvoretz, 2010) , and the "accuracy" of each centrality index can also be assessed by accuracy estimation (Epskamp et al., 2017) . According to this model, symptoms to date categorized as proper of specific mental disorders according to a categorial diagnostic frame (APA, 2013) have shown to map across several different mental disorders instead . Hence, network analysis may better fit the widely accepted evidence on frequent comorbidity among psychiatric conditions Maj, 2005; Shevlin et al., 2017) , compared with the ongoing categorial approach (APA, 2013) .
A recent work from the Italian Network for Research on Psychoses (Galderisi et al., 2018) , which is an example of what insight with potential treatment implications network analysis can provide into the complex relationships among symptoms, showed how functional capacity and everyday life skills play a central role in the network of symptoms and suggested that, alongside with pharmacologic treatment, "the ability to perform tasks relevant to everyday life is critical for any therapeutic intervention in schizophrenia." Hence, identifying central nodes can help in identifying core domains to focus treatment on Galderisi et al., 2018) .
Within eating disorders (EDs) specifically, core psychopathologic features and symptoms investigated with network analysis have demonstrated to map consistently across anorexia nervosa (AN), bulimia nervosa (BN), and binge eating disorder (BED) validating the transdiagnostic theories (Fairburn, Cooper, & Shafran, 2003) , which cognitive behavioural psychotherapy is based on (DuBois, Rodgers, Franko, Eddy, & Thomas, 2017; Forbush, Siew, & Vitevitch, 2016; Goldschmidt et al., 2018) . Beyond theoretical considerations related to classify mental illness based on network of symptoms rather than on the classic categorial approach, applying network analysis to symptoms and clinical variables may help in providing a finer grained picture of general and specific psychopathology and clinical variables in EDs. A more precise characterization of complex and reciprocal relationships among psychiatric symptoms and ED-specific symptoms may be of considerable relevance given the frequent comorbidity of severe mental disorders with AN, such as depressive disorders (Kountza, Garyfallos, Ploumpidis, Varsou, & Gkiouzepas, 2017) , personality disorder (Kountza et al., 2017; Martinussen et al., 2017) , or obsessive-compulsive disorder (Cederlof et al., 2015) , and given the impact of such comorbidities on outcome of EDs (Franko et al., 2018; Jagielska & Kacperska, 2017) . Also, characterizing the relationship between ED-specific symptoms and psychiatric symptoms in diagnostic subgroups within AN may provide a clinically useful picture on the pattern and strength of the network sustaining symptoms themselves. Restricting-type AN and bulimic-purgative-type AN differ on neuropsychological (Steward et al., 2017) and psychopathological profile (Dell'Osso et al., 2018) , and such differences have clinical impact (Kastner et al., 2018) . Although recently ineffectiveness and interoceptive awareness as measured by EDI-2 have been shown to be central nodes (Olatunji, Levinson, & Calebs, 2018) , no study to the best of our knowledge has assessed a network including psychiatric symptoms in patients with EDs to date.
Identifying and targeting central symptoms in AN may help clinicians to dismantle the complex psychopathologic loop that maintains AN, ideally through treatments that focus on both ED-specific behavioural (eating) symptoms and psychological central symptoms.
Hence, in the present work, we aim to apply network analysis and describe the relationship between ED-specific symptoms, general psychiatric symptoms, personality traits, and other clinical variables in a sample of patients with restricting-type AN, and in a sample of patients with binge eating-/purging-type AN, in order to search a "rationale" underlying treatments for AN that tackle psychiatric and interpersonal issues in addition to ED-core symptoms. Also, we aim to descriptively report differences in ED-core symptoms between the two diagnostic subgroups.
| METHODS

| Participants and measures
Patients were recruited among those referred to the ED Outpatient Unit of Padua University Hospital, Italy. To be included in the study, patients had to be older than 14 years old and have a present diagnosis of AN according to DSM-5 (APA, 2013) . All participants in our sample underwent a routine baseline assessment that included the administration of a structured interview that included the ED section of the Structured Clinical Interview for DSM-IV; additional questions to better evaluate the lifetime changes in body weight and past and current eating psychopathology were included in order to convert current and lifetime diagnoses using DSM-5 criteria (APA, 2013) . Patients with severe comorbidity according to DSM-5 criteria, such as schizophrenia, acute manic episode, or alcohol addiction, were excluded from the study, as well as patients or, in the case of patients aged lower than 18 years, parents not accepting to participate in the study.
We run a network analysis built up of ED-core measuring scales, general psychiatric symptom measure, personality variables, BMI, and duration of illness. Symptoms of EDs were measured with Eating Disorders Inventory-I (EDI-I; Dell 'Osso et al., 2018; Garner, Olmstead, & Polivy, 1983) , general psychiatric symptoms with Symptom Check-list 90 (SCL-90; Danielsen, Ro, Romild, & Bjornelv, 2016; Derogatis & Unger, 2010; Mander, Teufel, Keifenheim, Zipfel, & Giel, 2013) , and personality traits with Tridimensional Personality Questionnaire (TPQ; Cloninger, Przybeck, & Svrakic, 1991; Fassino, Amianto, Gramaglia, Facchini, & Abbate Daga, 2004) . All three questionnaires were completed-after the diagnostic/clinical interviews-in the context of the routine baseline assessment at the ED Unit. Questionnaires were used in their validated Italian version and proved to have acceptable reliability in our sample (Cronbach's α between 0.73 and 0.90). Duration of illness was defined as the duration of the current ED episode (Favaro, Caregaro, Tenconi, Bosello, & Santonastaso, 2009; Hindler, Crisp, McGuigan, & Joughin, 1994) .
Among EDI-I subscales, body dissatisfaction, drive for thinness, and bulimia were considered as ED-core symptoms measures, in addition to all EDI scales less specific of ED-core symptoms (i.e., ineffectiveness).
| Network analysis
Psychological network has been analysed with RStudio (https://www.Rproject.org/., 2017) according to methods described in detail in the tutorial paper from Epskamp et al. (2017) . R codes are provided in the Supporting Information.
Briefly, we used a pairwise Markov random field network model, more precisely a Gaussian graphical model , which allows to estimate undirected edges (no causal inference or direction in association) with their accuracy, and centrality indices of nodes with their stability among variables included in the network. Data used in the model were observational and cross-sectional. Because data did not follow a normal distribution, they were transformed into normally distributed data via the nonparanormal transformation (Epskamp et al., 2017) . A "least absolute shrinkage and selection operator" (Friedman, Hastie, & Tibshirani, 2014) regularization (a sort of shrinkage of small edges to zero) was applied in order to only retain more solid edges in the context of a conservative approach that makes results more interpretable, and the Extended Bayesian Information Criterion (Chen & Chen, 2008; Foygel & Drton, 2010) was set to 0.5. Accuracy and 95% confidence interval of edges were measured via nonparametric bootstrapping (Epskamp & Fried, 2016) .
"Centrality of nodes" was estimated with "node strength" (the sum of weight of the connections for each node; Costantini et al., 2014) , "closeness" (inverse of the sum of the distances of the focal node from all the other nodes in the network; Costantini et al., 2014) , and "betweenness" indices (number of shortest paths between any two nodes that pass through the node of interest; Costantini et al., 2014) , whose stability was remeasured after case-dropping subset bootstrap, namely, the recalculation of centrality indices after dropping growing percentages of the included subjects (Epskamp et al., 2017) . Also, to further assess stability of centrality indices, the correlation stability (CS) coefficient was calculated (networks with reliable centrality should have a CS greater or equal to 0.25, ideally higher than 0.5 for centrality estimates).
Because sample size of patients with binge eating/ purging AN and restricting AN was largely different, we could not use the Network Comparison Test to compare networks between binge eating/ purging and restricting AN.
| RESULTS
| Characteristics of the included sample
Characteristics of the included sample are reported in Table 1 . We included 324 patients with binge eating/ purging AN and 631 patients with restricting AN according to DSM-5 criteria. The two diagnostic groups differed on age, age of onset, duration of illness, and BMI, but not on education.
| Characteristics of the symptom networks
Network structure of EDI scores, SCL-90 scores, and clinical variables in both binge eating/purging and restricting AN, as well as a comparative plot of centrality indexes of the two networks, are reported in Figures 1  and 2 , respectively. Bootstrapped confidence intervals ( Figure S1 ), and correlation matrices (Table S1) , and codes for analyses are available in Supporting Information. Table 2 reports the nodes' centrality estimates.
| Binge eating/purging AN
Central stability coefficient (maximum drop proportions to retain correlation of 0.7 in at least 95% of the sample) for restricting AN network was 0.205 for betweenness, 0.284 for closeness, and 0.593 for strength ( Figure S1 ).
Strength, namely, the sum of the weights of the connections for each node (Costantini et al., 2014) , was the centrality index with highest central stability. Table 2 ). Among EDI symptoms, interoceptive awareness was the most central (M = 1.010) after ineffectiveness, and drive for thinness was the most central ED-core node (M = 0.81), closely followed by body dissatisfaction (M = 0.73).
Correlation matrix for the binge eating/purging AN sample is reported in Table S1 . Descriptively, the most significant correlations of SCL-90 depressive and anxiety scores and of EDI-I ineffectiveness and SCL-90 interpersonal sensitivity were among each other and with other SCL-90 scores, as well as with EDI-I interoceptive awareness, and with TPQ harm avoidance. All relevant correlations described in this paragraph were positive correlations. Figure 1 reports the network of symptoms measured with EDI-I, SCL-90 TPQ, and clinical variables in patients with binge eating/purging AN, and Table 2 reports the nodes' centrality estimates. Central stability coefficient (maximum drop proportions to retain correlation of 0.7 in at least 95% of the sample) for restricting AN network was 0.594 for betweenness, 0.517 for closeness, and 0.75 for strength ( Figure S2) . Strength, namely, the sum of the weights of the connections for each node (Costantini et al., 2014) , was the centrality index with the highest central stability. The node strength was the highest for depressive score (M = 1.515), ineffectiveness (M = 1.398), anxiety (M = 1.332), and interpersonal sensitivity (M = 1.152); it resulted to be lower for TPQ persistence (M = 0.590), BMI (M = 0.415), duration of illness (M = 0.300), and the lowest maturity fears (M = 0.270; Figure 2 and Table 2 ). Among EDI symptoms, drive for thinness was the most central (M = 1.149) after ineffectiveness, whereas bulimia and body dissatisfaction had substantially lower centrality (M = 0.87 and M = 0.61, respectively).
| Restricting AN
Correlation matrix for the restricting AN sample is reported in Table S1 . Descriptively, the most significant correlations of SCL-90 depressive and anxiety scores and EDI-I ineffectiveness were among each other and with other SCL-90 cores, as well as with EDI-I interoceptive awareness, and with TPQ harm avoidance. All relevant correlation described in this paragraph were positive correlations.
FIGURE 2 Centrality indexes of eating disorders symptoms, general psychopathology, personality traits and clinical variables in patients
with binge eating/purging, and restricting anorexia nervosa. BMI: body mass index; drt: duration of illness; EDI: Eating Disorder Inventory; edbl: EDI bulimia; edc: EDI interoceptive awareness; edd: EDI drive for thinness; ednf: EDI ineffectiveness; edbd: EDI body dissatisfaction; edg: EDI maturity fears; edp: EDI perfectionism; ednt: EDI interpersonal distrust; SCL90: Symptom Check-List 90; som: SCL90 somatization; oc: SCL90 obsessive compulsive; is: SCL-90 interpersonal sensitivity; dep: SCL90 depressive; anx: SCL90 anxiety; hos: SCL90 hostility; phob: SCL90 phobic; TPQ: Tridimensional Personality Questionnaire; ns: TPQ novelty seeking; ha: TPQ harm avoidance; rd: TPQ reward dependence; prs: TPQ persistenceNote: z-scores are shown on x-axis [Colour figure can be viewed at wileyonlinelibrary.com]
| DISCUSSION
The objectives of this research were to analyse how general psychiatric symptoms and ED-core symptoms are in relationship using network analysis.
Depression, anxiety, interpersonal sensitivity, and ineffectiveness were the nodes with the highest centrality in the network of symptoms in patients with AN; these nodes had strong correlations with drive for thinness. Drive for thinness had higher centrality in ANR than in ANB, whereas body dissatisfaction in ANBP than in ANR. On the other hand, body mass index did not seem to play a central role in AN.
Patients with both restricting and bulimic-purgative AN have relevant comorbid depressive and anxious symptoms (Brand-Gothelf, Leor, Apter, & Fennig, 2014; Buhren et al., 2014; Godart et al., 2015; Kountza et al., 2017) , and such symptoms alongside with ineffectiveness and interpersonal sensitivity appear to play a central role in the complex network of psychopathologic symptoms of AN. Centrality measures estimate how relevant is a node to maintain stability within a network (Costantini et al., 2014; Epskamp et al., 2017) . Hence, effective treatments targeting network of symptoms rather than individual symptoms are expected to focus on central nodes in order to dismantle psychopathologic and symptomatic loops that maintain AN (Costantini et al., 2014) . It is still debated whether depression has (Wild et al., 2016) or does not have (Calugi, El Ghoch, Conti, & Dalle Grave, 2014) a prognostic role in determining outcome in AN (hence, any eventual prognostic implication of depressive symptoms' centrality is precluded). On the other hand, a large body of evidence suggests that psychotherapy encompassing wider than "mere" ED-core symptoms psychopathologic aspects, namely, family therapy (FT; Eisler et al., 2016 ) and enhanced cognitive behavioural therapy (E-CBT) in adolescents (Dalle Grave, Calugi, Doll, & Fairburn, 2013) , interpersonal psychotherapy (Linardon, Fairburn, Fitzsimmons-Craft, Wilfley, & Brennan, 2017) , or Maudsley model for adults (MANTRA; Schmidt et al., 2015) in adults is an effective treatment for AN. In this context, showing a central role of ineffectiveness and interpersonal sensitivity offers a psychopathologic "rationale" for FT, E-CBT, MANTRA, and interpersonal psychotherapy psychotherapies, which in addition to tackle ED-core, specific symptoms focus also on interpersonal functioning and self-esteem/ineffectiveness, which appear to be central symptoms in AN according to results of the present work. Also, the results of the present work are in line with a recent research that applied network analysis on a large sample of patients affected by EDs and assessed with EDI-2, finding that ineffectiveness was the most central node among EDI domains (Olatunji et al., 2018) . Second, among all ED-core symptoms, drive for thinness plays a crucial role in both binge eating/purging AN and restricting AN. Hence, restricting behaviour should be a crucial target in both diagnostic subgroups in AN. On the other hand, body dissatisfaction seems to be descriptively less central in restricting AN than in binge eating/purging AN, suggesting the potential need for a different approach in the two AN groups. Hypothetically, binge eating/purging AN may benefit from a treatment that focuses on both drives for thinness and body dissatisfaction more than in restricting AN, where the latter appears to have a substantially lower centrality than drive for thinness (Table 2 ). This finding was somewhat expected because higher levels of body dissatisfaction are present in the binge eating group and are associated with the presence of eating behaviour dysregulation and fear of weight gain. It is also possible that a higher centrality of body dissatisfaction would emerge in both groups during weight recovery, and for this reason, network analysis should also be applied to longitudinal studies. Indeed, the bulimic-purgative AN group had higher mean BMI than restricting AN group.
Third, BMI does not appear to have a central role in the context of the complex pool of symptoms considered in the present analysis. Such a disconnection between nutritional status and both eating disorder psychopathology and psychiatric symptoms is in line with previous findings, which show that BMI is not linked to symptoms neither before nor after treatment with weight recovery in patients with AN (Federico et al., 2017) . Clinical implications of such results may at least partially explain the high rates of relapse of patients suffering from AN after weight recovery, which still being a crucial treatment aim to reduce medical complications of AN (Solmi et al., 2016) , does not per se improve psychopathology that should be targeted from psychotherapy instead. Consequently, a mere severity classification for AN based on severity of underweight, as proposed by DSM-5(APA, 2013) , which does account for the biological and medical severity of the disease but completely misses the complex symptomatic interaction emerging from the results of the present work, should be revised and extended to also account for psychiatric and eating symptoms.
Fourth, we did not find personality to be central in the network of symptoms in AN. These results suggest that personality should not be considered a primary target when treating patients with AN, because apparently, it does not closely interact with other clinical manifestations.
The present work should be considered in view of its limitations. First of all, cross-sectional data have been used, which precludes any prognostic consideration, and any causal inference or clinical hypothesis should be tested with ad hoc designed studies. Second, the two included samples had largely different sample size, different age and duration of illness, and BMI. These differences may have introduced a bias in analyses, contributing to the descriptive differences between the two samples alongside with AN diagnostic subgroup. Third, any comparison of centrality indices within or between groups is purely descriptive, due to the different sample size of groups, which precluded any quantitative comparison. Several points of strength should be mentioned as well. First, this is the very first work assessing psychological network of general psychiatric symptoms, ED-specific symptoms, and clinical characteristics of patients affected by binge eating/purging and restricting AN. Second, we included overall 955 subjects, which is the largest sample of patients suffering from AN analysed with network analysis to date. Third, we share all the used codes in order to allow reproducibility of the study design. Fourth, the analysed network had solid central stability with strength remaining above 0.5 in both clinical samples.
In conclusion, affective symptoms, interpersonal functioning, ineffectiveness, and drive for thinness are the most central variables in individual suffering from AN.
Clinical implications of such results are a further support to the theoretical "rationale" underlying FT, E-CBT, and interpersonal therapy among others as treatments that target central symptoms in patients suffering from AN, dismantling the maintaining psychopathologic loop, which apparently encompasses but goes beyond ED-core specific dimensions. 
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